INTRODUCTION
Body mass index (BMI) is currently the most widely used anthropometric measurement to predict health risk related to weight status. However, BMI does not distinguish between muscle and fat accumulation and does not reflect fat distribution, hence is recognized as a crude surrogate for general obesity. Waist circumference (WC), waist-to-hip ratio (WHR) and waist-to-stature ratio (WSR) appears to be a better indicator of abdominal obesity than BMI for the stronger correlation with intra-abdominal fat content and cardiometabolic risk factors. [1] [2] [3] [4] [5] [6] [7] A Body Shape Index (ABSI) has been proposed recently to combine WC, weight and height together in one algorithm to predict all-cause mortality, 8 as well as waist-to-hip-to-height ratio (WHHR) was shown to be superior to BMI, WC or WSR in predicting cardiovascular disease (CVD) risk. 9 But to date, no study has formally compared these obesity indicators regarding their effect sizes for CVD mortality.
In this paper, we made paired comparison among BMI, WC, WHR, WSR, ABSI and WHHR regarding their effect sizes for CVD mortality based on collaborative analysis of the data from 12 European cohorts enrolled in the DECODE (Diabetes Epidemiology: Collaborative analysis Of Diagnostic criteria in Europe) study.
SUBJECTS AND METHODS

Study population
Data were collected from 12 prospective studies in four European countries (Finland, Sweden, Turkey and UK) and the study population comprised 50 093 men and women aged 24-99 years at baseline. Data collection included a self-reported questionnaire on smoking status and leisure-time physical activity, and a medical examination to measure weight, height, WC and hip circumference, as described in detail in previous DECODE publications. 10 Participants with missing data on smoking status, leisure-time physical activity, weight, height, WC and hip circumference and on date of loss to follow-up were excluded. Subjects who had emigrated but the dates of the emigration were recorded, were treated as censored cases. A total of 46 651 participants (24 686 men and 21 965 women) were eligible for the final data analysis.
Individual participant data from each cohort was sent to the National Institute for Health and Welfare in Helsinki, Finland for collaborative data analyses. Each study was approved by the local ethics committees, and the analysis plan was approved by the ethics committee of the National Institute for Health and Welfare.
Definition of covariates
Smoking status at baseline was classified based on responses to the questionnaire into three categories of never smokers, former smokers and current smokers. Reading, watching TV, house works, sewing and walking o1 km daily that do not require moving much and do not physically tax was defined as leisure-time physically inactive, and all other higher levels of physical activity were defined as physically active. Height and weight were measured without shoes and with light clothing. WC was measured midway between the lower rib margin and iliac crest. Hip circumference was measured at the level of widest circumference over the greater trochanters. BMI was calculated as body weight in kilograms divided by the square of height in meters. WHR, WSR or WHHR was calculated as WC divided by hip circumference, height or both in meters. The calculation of ABSI was based on WC adjusted for weight and height, which was defined as follows: ABSI ¼ WC Â weight À 2/3 Â height 5/6 . Abbreviations: ABSI, A Body Shape Index; BMI, body mass index; CVD, cardiovascular disease; WC, waist circumference; WHHR, waist-to-hip-to-height ratio; WHR, waist-to-hip ratio; WSR, waist-to-stature ratio. Data are means (standard deviations) or as noted. Abbreviations: ABSI, A Body Shape Index; BMI, body mass index; CVD, cardiovascular disease; WC, waist circumference; WHHR, waist-to-hip-to-height ratio; WHR, waist-to-hip ratio; WSR, waist-to-stature ratio. Data are means (standard deviations) or as noted.
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a Hazard ratios and their 95% confidence intervals was estimated by the Cox proportional hazards model adjusted for baseline smoking status, leisure-time physical activity and cohort using attained age as timescale. The standard deviation units were the same as used in Table 3 .
Abdominal obesity indicators and cardiovascular disease mortality X Song et al standard deviation increase of each obesity indicator in relation to CVD mortality has been formally compared by paired homogeneity test which is a Wald test of the linear hypothesis of the Cox model regression coefficients, performed to test the null hypothesis of equality of the effect sizes. To further explore the relationship between mortality and obesity indicators, Akaike's information criterion was used to judge the best-fitting models. 11 The 'best' model is the one with the lowest Akaike's information criterion. Similar analyses were repeated among participants excluding of the first five years of follow-up or stratified by attained ages (o55, 55-75, 475 years old). 
RESULTS
Over a median follow-up of 7.9 years, 2381 men and 1055 women died, 1071 men (45.0%) and 339 women (32.1%) from CVD (Tables 1 and 2 ). When controlling for baseline age and cohort, most of the obesity indicators exhibited significant correlations with each other (Pearson's partial correlation coefficients 0.47-0.96, except for weak positive correlation between ABSI and BMI, 0.15 and 0.11 for men and women, respectively, data not shown).
All obesity indicators were positively associated with increased risk of CVD mortality, with HRs (95% confidence intervals) per standard deviation increase of 1. (Table 3) . Paired homogeneity tests showed the prediction was stronger with abdominal obesity indicators than with BMI and ABSI, and the WSR was the strongest predictor among all. The main results remained even among individuals excluding the first 5 years of follow-up (Table 3) . Moreover, increased risk of CVD mortality in relation to abdominal obesity indicators was independent of BMI levels (Table 4) .
Stratified data analyses by attained age or leisure-time physical activity did not change the observation that the prediction was stronger with the abdominal obesity indicators than with BMI or ABSI (Supplementary Table 1 ).
DISCUSSION
Abdominal obesity indicators of WC, WHR, WSR and WHHR, are stronger predictors for CVD mortality than BMI and ABSI, and the prediction is independent of BMI levels. WSR appeared to be the strongest predictor among all.
Studies have reported that relative risks for CVD mortality corresponding to one standard deviation increment in abdominal obesity indicators were higher than that of BMI, 8, [12] [13] [14] [15] but none of these studies performed a formal paired statistical test. In our study, results from both paired homogeneity tests and Akaike's information criterion comparison revealed a stronger effect size with abdominal obesity indicators of WC, WHR, WSR and WHHR than with BMI or ABSI regarding the CVD mortality in both men and women. Abdominal fat is known to produce inflammatory cytokines, which have been associated with increased CVD risk. 16 The stronger associations between CVD mortality and WC, WHR, WSR and WHHR, compared with BMI, might be partly explained by the higher degree of inflammation in the abdominal obesity individuals. In addition, body fat distribution, especially visceral adipose tissue accumulation, has been found to have a key role in the development of cardiovascular and metabolic disease. 17 To minimize the potential effect of reverse causation, 18 we also performed a sensitivity analyses by excluding the first five years of follow-up. The results were not substantially altered. The main findings remained significant even when stratified analysis was performed by attained age groups. It appears sound to recommend the use of abdominal obesity indicators, including WC, WHR, WSR and WHHR, to assess risk of CVD mortality instead of BMI in Europeans.
Physical activity has been known as an independent risk factor of CVD mortality [19] [20] [21] [22] [23] [24] and to weaken, but not eliminate the highlighted risk associated with excess weight. [23] [24] [25] [26] A stratified data analysis by level of leisure-time physical activity did not change the observations. In addition, smoking is associated with both a lower body weight and an increased risk of mortality and is interrelated with obesity in relation to mortality. 23, [27] [28] [29] A recent study showed that smoking cessation resulted in substantial increase in WC, 30 whether the high WC or the lag effect of smoking has contributed to the increased CVD mortality needs to be investigated with repeat measures of WC. In addition, other CVD risk factors, for example, high total cholesterol, hypertension or diabetes, were not included in our analyses to avoid over-adjustment bias, 31, 32 for part of obesity À CVD mortality is mediated via these factors. 33 Our study was based on data from large European populationor occupational-based studies, with sufficient power to investigate the association between anthropometric measurements and risk of mortality. However, data on changes in anthropometric measurements before the baseline and during the follow-up are not available, which precludes the possibility to study 'reverse causation' and the effect of quitting smoking. Nevertheless, the results were not altered much after excluding the first 5 years of follow-up. As this is a collaborative data analysis, certain lifestyle variable such as physical activity has been recorded differently in different studies. In spite of the efforts that have been made to 'harmonize' the variables and to adjust for studies in data analysis, discrepancies exist. In addition, sagittal abdominal diameter, an anthropometric index of visceral obesity associated with sudden death or coronary heart disease mortality, 34, 35 is not available in our study. Its performance cannot be compared directly with others.
In conclusion, abdominal obesity indicators of WC, WHR, WSR and WHHR are stronger predictors for CVD mortality than BMI and ABSI, and independent of the BMI levels.
